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Part 9: Shrinkage for service and accident conditions 

1 .  SCOPE 

This recommendation is valid for structural applica- 
tions of concrete under service and accident conditions. 

This document presents test parameters (material and 
environmental) and test procedures for determining the 
shrinkuge in the direction of the central axis, of a reference 
length of cylindrical concrete specimens under constant 
temperatures in the range of 20” < T < 750°C. 

Slzrinkage tests can be carried out as accompanying 
tests for creep investigations (see Ref. 2, Part 7 and Part 
8 respectively) or as independent tests. The  shrinkuge 
measurements of accompanying tests can start earlier 
than the commencenzent of the belonging cveep tests. 

2. SERVICE AND ACCIDENT CONDITIONS 

2.1 Service conditions 

Service conditions normally covcr long time test tem- 
peratures in the range from 20 to 200°C and moisture 
states between the two boundary conditions: 
Boundary Condition “d”: Drying (unsealed) concrete 
Boundary Condition “lid”: Moisture saturated (sealed) 

concrete 
In general, boundary condition “d” applies to drying 

structures in air with a maximum thickness < 400 mm, 
or structures with no point which is farther than 200 
mni away from a surface exposed to air. 

Boundary condition “nd” is defined for the follow- 
ing wet structures: 

Sealed structures independent of their dimensions. 
Zones of structures with a distance 

the surface exposed to air. 
Structures under water. 

200 mm from 

2.2 Accident conditions 

Accident conditions normally involve short-term expo- 
sure to temperatures in the range from 20 to 750°C or 
above and transient moisture states, Le .  the concrete is 
allowed to dry during heating. In this case the moisture 
boundary condition is the same as the condition “d” 
mentioned above. 

3. DEFINITION 

3.1 General 

Shyinkage is defined as the deformation that occurs 
during the test period from ti to t2 for a specimen at tem- 
peratures changing from T,, to T,,,,, without an external 
load. The times ti and t2  respectively are identical to that 
of the accompanying creep test (see Ref. 2, Part 7 and 
Part 8 respectively). For comparative purposes additional 
shrinkuge tests at T 

The test period in the case of an independent shvirzk- 
age test can be chosen dependent from the test objective. 
The specific definitions for non-drying and drying con- 
crete are gven in section 3.3. 

20°C can be advisable. 
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3.2 List of symbols and notations 

- 
E -  
( T -  

- 

D =  
L =  
L, = 

- r 
I< = 

1<H = 

tl = 

t( 1 

t2 = 

t b  = 

T =  
T,, = 

- 

t =  

- - 

tTmas = 

TI, = 

TI,,,, = 

Ts = 

T," = 

TTP = 

AT = 

o =  
b =  
ca = 

co = 

d =  
el = 

i 
max = 

n =  
nd = 

- - 

S - - 

sh = 

th = 

tot = 

strain ((L - L,)/L,) 
stress level (constant) 
t 11 e r in a 1 di ffu sivi ty 
mcasu red IC ngt h (var iable) 
initial re fe rcnc e le ng t h at anib i e n t t c nip c ra t u re 
(cons t an t) 
radius of specimen 
constant heating rate (dT,/dt) 
re la t ivc 11 u midi ty 
time (variable) 
ti me at  initiation of test (la tc s t c o mme nc cni e n t 
of an accompanying shrinkage test) 
time of start of steady state creep measurements 
time, when T reaches T,,,,, 
time at end of test 
time at beginning of shrinkage measurements 
reference temp era t u r e (va r i a b 1 e) 
temperature at central axis of rotation of 
specimen (variable) 
normal temperature 
maximum reference test temperature (constant) 
temperature at the surface of specimen 
(variable) 
surface temperature at which dT,/dt starts to 
reduce from "R" 
transitional thermal period 
temperature difference T, - T,, 
superscript index for zero stress (G = 0) or wb- 
script for time of loading 
subscript index for before 
subscript index for location at central axis of 
rotation of specimen 
subscript index for constant temperature regime 
superscript index for drying (unsealed concrete) 
subscript index for elastic 
subscript index for initial 
subscript index for maximum 
subscript index for normal 
superscript index for non-drying (sealed 
concrete) 
subscript index for location at surface of 
specimen 
subscript index for shrinkage 
subscript index for thermal 
subscript index for total 

3.3 Drying concrete 

For drying concrete, the measured total stvain difference ' T ~ 0 3 d  ' during a period At = (t2 - t,) at a temperature 

function starting at T,, (t,), followed by TIlla, - TI, (to - t,) as 
a heating period including T T P  and reaching the con- 
stant temperature (see Fig. 1) is considered to be 
shrinkuge and thermal struin of drying concrete. As a result 

\" fOl( 1, -f, ) ) 

( & T  ",',, -T,, .O.d ' the  t o t a l  s tvu in  consists of  the parts \ , \h(f l , - f , )  ,, 

slzrirzkuge that belongs to a transient and/or steady-stute 

creep test (see I<ef. 2, Part 7 and Part 8 respectively) of 
drying concre te  for a per iod  A t  = ( t 2  - t , )  is: 

For no n -d r y i n g con c re tc s h  rinkage nor m a  11 y i 5 not 

Note :  Tlic shrinkage is rie<qative c o q m d  to tlzcvrriill 
strairi. I t  is irifliiericed b y  terqwatirve i n  s o j v  as tempera- 
ture ii$/ueri;e.s tnoisture content. WIzen testing liigli 
streugtli coricvete, shrinkage can also occiiv wi th  scaled 
specirizens dtic to endogerzous desiccation. 

considered. 

4. MATERIAL 

4.1 Material type 

The recommendation applies to all types of concrete 
used in construction including high performance concrete. 

4.2 Mix proportions 

Mix proportions for accompanying s h r i r z k q e  tests 
must be identical to the specimens of the original creep 
tests. They shall be determined according to the con- 
crete design in practice with the following provisos: The 
maximum aggregate size should not be less than 8 mm. 

5. SPECIMEN 

5.1 Introduction 

The specimens referred to in this recommendation 
may be laboratory cast, field cast or taken as cores, in the 
case of an accompanying test under identical conditions 
as the specimen of the belonging test; they should con- 
form to the recommendations given below. 

5.2 Specimen shape and size 

The concrete specimens (Fig. 1) shall be cylindrical 
with a length/diameter ratio between 3 and 5 (slenderness). 

The recommended diameters of the test specimen are 
150 nim, 100 mm, 80 mm and 60 mm to be taken as 
standard. Others  diameters, when used, should be 
described as "non-standard". 

The  specimen's minimum diameter shall be four 
times the maximum aggregate size for cored samples and 
five times for cast specimens. 

225 
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Measuring 
Length 

22 

22 

22 

press section 

(6 - 10) x r 

\Thermocouple 

Fig. 1 - Geometrical relations of a cylindrical specimen and loca- 
tion of temperature measuring points. 

5.3 Moulds, casting and curing 

The moulds aiid tlic conditionc aiid procedures of 
casting and curing should be identical to them used for 
manufacture the speciines for the related creep tests. 

5.4 Specimen preparation 

The length, diameter and weight of tlie specimen 
shall be measured before testing. 

5.5 Age at testing 

T h e  specimens of accompanying shr inkage tests 
should have the same age than the specimens of the 
belonging creep test. The time of beginning the shrirzkagc 
measurements tb can be earlier than that of tlie related 
creep measurements ( t1, < ti). 

5.6 Standard and reference strength 

The standard cube or cylinder strength at ambient 
temperatures shall be determined at 28 days, and at the 
time of testing, accordiiicr to iia tional requirements. I n  
addition, the characteristic coiiipressive strength of the 
test specimen should be determined at  28 days aiid at the 
time of testing, using samples of same type cast from the 
same batch. The  latter shall be used as the reference 
strength of the specimen (see Ref 2, Part 3). For spcci- 
me 11 s of acc ompa iiy iiig slz vin k q c  tests this i 11 for ilia t io 11 
will be available as a rule from testing the related speci- 
ineiis of the creep tests. 

b 

6. TEST METHOD AND PARAMETERS 

6.1 Introduction 

T 11 c fo 1 1 ow i 11 t c s t pi1 r a 11 I e t c r s arc re c o 111 111 c n d e d a s 
' ' s t a 11 da rd " to a 11 ow c o 11 si s te 11 t gc n c ra t i o 11 and con I pi1 r i - 
son of test results. However, other test paraiiictcrs nia), 
be substituted when information is required for specific 
;I p pl i ca ti o 11 s . T 11 c ' ' 11 o 11 - s t a 11 da r d " t e s t co 11 d i ti o 11 s s 11 o 11 1 d 
be carcfLilly detailed in the test report. 

6.2 Measurements 

6.2. I Length measurement 
The nicasurcd length L is dcterniincd in the direc- 

tion of the central axis of the cylindrical spcciinen b,. 
measuring the iiicaii distance betwcen two cross-sec tioiic 
at  the surface of the spcciiiien with at least two, prcfcr- 
ably tlircc, ineasuriiig points pcr cross-section. The 
cross-sections shall be perpendicular to the central axis 
aiid at least one diameter away fi-om each flat  end of tlie 
speciiiien. 

At the beginning of the test tlic length between tlie 
two cross sections i s  defined as  the initial reference 
length Li aiid shall be at  least one diameter. The initial 
reference leiigth L, shall be measured at  20 k 2°C with a 
precision of at  least 0.5%). 

During the test, usually changes in length are mea- 
sured. From these measurenicnts strains are derived. For 
strains up to 1000 microstrain, tlie uncertainty should be 
less than 10 microstrain. For strains exceeding 1000 
microstrain the uiicertaiiity should be less than 20 
iiiicrostraiii. 

6.2.2 Temperature measurement 
Surface temperature measureiiients shall be made at 

three points on tlie surface of the specimen at the centre 
and at the level of the two cross-sections (see Fig. l ) ,  
by a temperature iiieasuring system. Thermocouples or 
other types of temperature nieasuriiig devices may be 
used. In special cases it may be iiecessary to protect the 
thermocouples against radiation. Temperature iiieasure- 
inents a t  tlie central axis of rotation shall be made at  least 
at one point in the center of the specimen for service 
conditions, or two points located at one third points 
between tlie measuring length cross-sections respectively 
for accident conditions. 

T h c  precision of the temperature ineasureiiieii ts  
should be a t  least O.5"C or 1 'M)  of the measured values 
whichever is the greater. 

6.2.3 Moisture measurement 
Moisturc mcasurciiients are related to the moisture 

content of the specimen, determined by weighing, and 
to the ambient relative humidity RH. The latter must be 
measured in the testing room, SO far shrinkage tests 
(accompanying tests or parts of them and undepelldel1t 
tests) are performed a t  normal temperature T,,. 
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Table 1 - Maximum temperature differences 
at the specimen surface 

~ 

Temperature T,,, Maximum differences at  
(“C) service conditions (“C) accidental conditions (“C) 
20 1 1 

100 3 5 

20 
~- ~~ - -- 

l o  
~~~~~ - > 100 

~~~ 

I 

I 
~ ‘ T . 0 . d  
, E tr. tot 

Fig. 2 - Definitions of a s l i r i / i k q c  test for drying concrctc. 

6.3 Test procedure 

The test procedure of an accompanying slrr i i ikqc test 
starts a t  least with the coiiiiiiciicciiielit of the related u w p  
test a t  t, as shown in Fig. 2 (tiurisicrif and/or s f ~ m f y  s m  
cr’ccp test; see Ref. 3, l’ai-t 7 aiid Part 8 ,  respectively). An 
earlier beginning of such a sIuiirkqc7 test (c.,q. immediately 
after deniouldiiig of tlic specimen) is permissible. 

The shrinkage iiieasurciiieiits start with the coiii- 
inencement of tlie test. O n e  set of teiiiperature aiid 
length or length change measurements shall be taken 
within 30 iiiiiiutes after finishing the test preparations. 
The r e aft c r the me a su re iiie i i  t s should b c c o 11 t iiiu e d as 
follows: 
- in the first day every hour 
- in the first week every day 
- later every week. 

Additional sets of iiieasureiments shall be taken at  all 
significant tiiiies of the related creep test as ti, to and t?. 

The iiiiiiiiiiuiii duration of slzuinkucqc tests following 
the procedure given iii this document is 6 months and 
ends normally at t2. 

6.4 Test parameters 

6.4.7 Thermal condition 
The recoiiiimeiided coiistaiit rate5 “R” for service and 

accident coiiditioii are gven in Ref. 2, Part 6 aiid Part 7. 
The first measurement shall be takeii siinultaiieous with 
the leiigth iiieasurcmeiits. After t,, the 5peciiiien shall be 
maintained at temperature T,,,,, until t2 (cce Fig. 2 ) .  
Maxiiiiuiii diffcreiicec betwccn teinperaturc T,,,,, aiid any 
of the three surface temperature readings (section 6.3.2) 
shall not exceed tlic v‘dues as givcii in Table 1.  

For in tcr i i i  cdia tc valu e s , t lie iiiaxiiiium tciiipc r~ t u re 
differences permitted shall be calculated by liiicar in tcr- 
polatioii, betwccn the hvo adjacent points. 

6.4.2 Moisture condition 
The moisture content shall  be determined a t  the 

beginning of the test, at least at  t, (initial moisture con- 

tent), at to and at the elid of the test. 
The initial nioisturc content  i s  dctcrmincd a s  

described for the r/iuiiio/ srmiii test (see l\ef. 3, I b r t  6) 
and for the t m s i w r  c ~ w p  test (see Ref. 3, Part 7). 

The moisture content a t  t,, shall bc detcrniincd by  
weighing the specimens at the ciid of TTP using com- 
pa 11 ion s pc c i i i i  e 11 s . 

Unsealed specimens shall bc maiiitaiiicd in a heating 
device ~ v h c r c  the moisture can ti-ccly escape fi-oni tlic 
specimen a i i d  horn the heating device. 

6.4.3 Number of tests 
A miiiimuni of t \ \ v  “replicate” specimens shall bc 

tested for any uiiiquc coiiibiiiiition of test u id  niatcrial 
paranictcrs. The related specimens of the c-rwp tests and 
for dctcriiiiiiiiig the initial moisture coiitciit should be 
taken fi-oiii the saiiie scrice of batches and should be 
tested uiider the saiiie conditions. 

7. APPARATUS 

The test appardtuc iioriiicilly coiiipriwc a heating 
devic c ‘I ii  d iii c t r u 111 c 11 t c for iiic a su r iiig t c iii p e 1- at Li re c and 
leiigtlic of the cpccinieii. The te5t apparatuc muct be 
capable of fLilfilliiig the i-econiiiicndatloncidatioiie given in ccc- 
tioii 6 for the tcct coiiditioiic, tect paraiiicter5 and the 
levels of precicioii. 

8. EVALUATION AND REPORTING OF 
RESULTS 

8.1 Evaluation of the reference temperature 

The reference temperature T,,,,, during the transient 
part of the test is the simple averages of the measure- 
iiieiits of T, and Tccl. 

8.2 Evaluation of strain results 

227 

All strains are evaluated as the arithmetic meaii of 
two or iiiore of the measured values. 

The sluirika<qc strain of the different test parts and the 
tlzevmal stracliri for the time interval to - t, of aii unsealed 
concrete specimen are evaluated in accordance with 
equation (1). 
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8.3 Test report 

8.3.7 General 
Norinally the results of the sliriiikl!yc tests arc part of 

the test reports on trmisicrit and/or steady slate creep (see 
Ref. 2, Part 7 and Part 8 respectively). Therefore this 
document includes only the rhr i i ik~~qc  relevant items. I n  
general the report shall include the items highlighted by 
uiiderlining below. The other itenis listed below should 
be reported when available. 

8.3.2 Hardened concrete and specimen details 
Curiiio regime, age at testing, initial moisture con- 

tent of reference specimen and the moisture content of 
the tested specimen after thc tmt, standard cube streiicth 
or cvlinder strength, reference conipressivc strength, 
diameter and length of specimen, weight before and after 
testing (excluding the weight of itenis such as theriiio- 
couples). 

8.3.3 Test apparatus 
The apparatus used shall be described unless it is in 

accordance with a published standard in which case the 
standard should be referenced. 

8.3.4 Test parameters 
Time between removal of specimen from the curing 

environment and initiation of heating. Initial reference 
length. Test temperatures during the different test parts. 

The  following should be reported as functions of 
time during heating: individual temperature measure- 
ments, mean surface temperature, mean centre tempera- 
ture, reference temperature, rate of heating, axial and 
radial temperature differences, and changes in the mea- 

sured length (including any adjustments made for move- 
ment5 of any or all components of the length measuring 
device). 

Anv deviation from the rccomnicnded test paraiiictcrs 
(c.,q. heating ratc, temperatures T,,, T,,,,,, T, and Tc,, with 
time, shall also be reported separately JC “noli-standard”. 

f 8.3.5 Strain results 
~ l i c  total strain ~ c ~ ; ~ ; ~ - , l  1 of every cpccinien shall be 

rcportcd in tabular and/or graphical form as functions of 
time, including the explicitc values at t,, t, and t2. 

The “average curvc” of each set ofrcsults shall also be 
reported. 

8.3.6 Place, date, opera for 
Country, city and institution whcrc the experiment 

was carried out. The dates of the experiment. Name of 
the operator. 

REFERENCES 

[ I ]  Schncider, U.,  ‘Properties of inaterials a t  his11 temperatures - 
Concrete’, I<ILEM-lXeport 44-I’HT, 2nd Edn, Kassel, J u n e  
1986. 

[ 21 RILEM T C  129-MHT, ‘Test methods for mechanical properties 
of concrete a t  high temperatures’, Part 1: Introduction, Fart 2: 
Stress-strain relation, Part 3: Conipressivc strength for service 
and accident conditions, Muter. Sfnlrt. 28 (1 8 1) (1995) 41 0-41 4. 

Part 4: Tensile strength, Part 5: Modulus of elasticity, Part 6: 
Thermal strain, Ibid. (Supplement March 1997) 17-21. 

Part 7: Transient Creep for service and accident conditions, IDid. 31 
Uune 1998) 290-295. 

Part 8: Steady-State Creep and Creep Recovery, I6id 33 (January- 
February 2000) 6-13. 

Part 9: Shrinkage, Part 10: Restraint, Part 11 : lklaxation. 

228 


